In a new study, the Papaver rhoeas (poppy family) self-incompatibility system has been transferred into Arabidopsis thaliana, a distantly related plant with a very different floral structure. The simple poppy self-incompatibility system may finally make it possible to introduce this potentially valuable trait into any plant.
''It is an extraordinary fact that with many species, flowers fertilised with their own pollen are either absolutely or in some degree sterile; if fertilised with pollen from another flower on the same plant, they are sometimes, though rarely, a little more fertile; if fertilised with pollen from another individual or variety of the same species, they are fully fertile.'' Charles Darwin, 1876 [1] The phenomenon Darwin describes is self-incompatibility (SI), or the ability of some plants to reject their own pollen. In fact, SI occurs widely, by some accounts, in half of flowering plant species [2] . So, it is not extraordinary, but it is unfamiliar because, with some notable exceptions, most domesticated plants were selected for the opposite trait -self-compatibility (SC). As convenient as SC is for plant breeding, the superior performance of outcrossed hybrids is well known, and plant breeders and biotechnologists alike have long sought easy ways to make hybrids, with limited success. Since SI is a natural outcrossing system, it may be an attractive alternative, but until now a portable SI system seemed out of reach. Now, in a recent paper in Science, Lin et al. report successfully transferring the Papaver rhoeas SI system into the distantly related and SC Arabidopsis thaliana, suggesting that this type of SI may work in a wide variety of species [3] .
Maize is the most familiar example of a hybrid crop. Most maize is produced as F 1 hybrids obtained by crossing inbred lines. These hybrids are produced through the simple, albeit laborious, process of detasseling the female inbred and planting it close to the inbred used as the male parent. While the superior performance of F 1 hybrids certainly applies to other crops, most crops have perfect flowers (i.e., the flowers contain both male and female reproductive organs). Consequently, F 1 hybrids often have to be made by carefully pollinating one flower at a time. Alternatives have been devised, for example, engineering or employing controlled sterility (cytoplasmic male sterility, use of a gametocide to inhibit undesirable pollen, or conditional sterility), but these alternatives all have practical limitations [4] [5] [6] [7] . SI could be an attractive addition to these methods since it does not involve either male or female sterility. This potential application of SI was one rationale for unraveling its genetic and molecular basis, although there are also more than enough basic-research reasons.
SI has been investigated in detail in Brassicaceae, Solanaceae, and Papaveraceae [8] . In all these wellunderstood systems, compatibility is determined by S-haplotype -one gene controls stigma-side function, and one or more others control the pollen-side. However, beyond the convention of naming the specificity genes as S-genes, the underlying SI mechanisms diverge drastically. A kinase-based signaling mechanism activated in the stigma prevents self-pollen growth in SI Brassicaceae, while stylar ribonucleases act as S-specific cytotoxins that inhibit self-pollen tubes in SI Solanaceae [8] .
The Brassicaceae and Solanaceae SI mechanisms are sufficiently well understood that SI genes have been transferred between species to change pollination behavior, but only between close relatives. For example, Nasrallah et al. transferred pistil-and pollen-SI genes (S-receptor-kinase, SRK; and S-cysteine-rich, SCR, protein genes, respectively) between SI Arabidopsis lyrata and SC A. thaliana and recovered SI plants [9] . This has been useful experimentally, as researchers have exploited the resources and techniques available in A. thaliana to investigate SI signaling [10, 11] . Similarly, Tovar-Mendez et al. transferred pistil-side SI genes (S-RNase and HT-genes) between Solanum species and recapitulated an interspecific pollen rejection mechanism similar to SI [12] . Although successful, these examples actually underline the degree to which the mechanisms depend on specific interactions between signaling proteins. They are best regarded as restoration of specific pollen-rejection mechanisms that were lost in recently derived SC species, rather than introduction of a new mechanism. Overall, the dependence of the Brassicaceae and Solanaceae systems on multiple interacting proteins probably makes these systems unlikely candidates for transferring SI between distantly related species.
Poppy SI, in contrast, does not suffer from this problem. SI P. rhoeas expresses two genes, one controlling stigma-side function and another controlling the pollen-side [13] . Incompatibility occurs only when the S-haplotype of the haploid pollen is the same as either of the two S-haplotypes expressed in the diploid stigma. Importantly, pollen is rejected on any stigma with a matching S-haplotype. Thus, incompatibility involves a specific interaction between the pollen and stigma and not, as Darwin thought, only pollinations between different flowers on the same plant. Stigmatic ray cells (Figure 1 ) secrete allele-specific 15 kDa recognition proteins, encoded by PrsS genes (P. rhoeas stigma S-proteins, alleles are designated PrsS 1 , PrsS 2 ; etc.) [14, 15] . The pollen-specificity genes are called PrpS (P. rhoeas pollen S-protein genes). The 20 kDa PrpS proteins reside in the pollen tube plasma membrane and possibly act as ligand-activated ion channels or somehow activate another channel [16] . What is certain is that signaling between matching PrsS and PrpS proteins initiates events that immediately stop pollen tube growth and, eventually, result in pollen tube cell death. Unlike other systems, the poppy SI response can be faithfully reproduced in vitro [14] , which has facilitated detailed physiological studies. Crucially, the S-specific incompatible pollen tube response can be initiated in vitro even when using recombinant PrsS protein, a finding that clearly demonstrates that no other proteins are needed for stigma-side function [17] . Briefly, incompatible PrsS-PrpS signaling immediately causes an increase in cytosolic Ca 2+ and K + and cessation of pollen tube growth.
Changes in protein phosphorylation and fragmentation of the actin cytoskeleton are detectable within minutes of stimulation, and further changes in the pollen tube cytoskeleton, induction of caspase-like activity, and cytosolic acidification are detectable a few hours after stimulation. DNA fragmentation and cell death follow (reviewed in [13] homeostasis or the actin cytoskeleton [13] . Wilkins et al. suggested that such disruptions act as universal secondary signals to the various downstream processes that characterize SI [13] . In any case, PrsS is sufficient to trigger the SI response in cells expressing PrpS, even in distantly related species. This ability is exactly what is needed for an SI system to be truly portable.
With this groundwork, Lin et al. tested the P. rhoeas SI system's portability. A stigmatic papillae promoter from Brassica was used to drive PrsS expression in SC A. thaliana [3] . PrsS protein accumulated in mature A. thaliana stigmatic papillae, and, as expected, no SI response was observed in the wild-type A. thaliana pollen. The expected S-specific effect, however, was observed in pollen expressing PrpS proteinpollen expressing PrpS 1 was inhibited in pistils expressing PrsS 1 but not those expressing PrsS 3 , and vice versa. As a final step, the researchers created plants coexpressing two genes: PrsS 1 plus PrpS 1 and, as a control, PrsS 3 plus PrpS 1 . 
Dispatches
The controls showed robust pollen tube growth and seed set. The plants expressing matching genes (PrsS 1 plus PrpS 1 ), on the other hand, showed a strong SI response, as measured by an absence of both pollen tube growth and, crucially, seed set.
Plant breeders and biotechnologists can now test whether the PrsS-PrpS system is practical. The Lin et al. results suggest that physiological differences are not likely to be a problem. Moreover, since the anatomy of the A. thaliana and P. rhoeas pistils are also very different (Figure 1 ), structural differences are also unlikely to be a barrier. Efforts are apparently already underway to test whether the system works in barley, a wind-pollinated monocot. Time will tell whether the PrsS-PrpS system finds wide application, but portable SI is undoubtedly an extraordinary achievement.
Calcium ions are well-known intracellular signalling molecules. A new study identifies local cytoplasmic calcium as a central integrator of metabolic and proliferative signals in Drosophila intestinal stem cells.
Adult tissue homeostasis involves tightly synchronized rates of cell production versus cell removal. Stem cells -characterised by their capacity to self-renew and produce differentiated progeny -are at the centre stage of that balancing act. The intestinal epithelium has been a long-standing paradigm for the study of tissue homeostasis by stem cells [1] . Consistent with its various metabolic, immune and endocrine functions, the intestine is subject to multiple extrinsic and intrinsic stimuli, which need to be coordinated in order to adjust stem cell proliferation and differentiation to tissue demands. How these different inputs are integrated is an important open question. A new study by Deng et al. [2] in the adult Drosophila intestine identifies local intracellular Ca 
